We describe the parsec-scale kinematics of 200 AGN jets based on 15 GHz VLBA data obtained between 1994 Aug 31 and 2011 May 1. We present new VLBA 15 GHz images of these and 59 additional AGN from the MOJAVE and 2 cm Survey programs. Nearly all of the 60 most heavily observed jets show significant changes in their innermost position angle over a 12 to 16 year interval, ranging from 10
INTRODUCTION
High resolution multi-epoch radio observations of jetted outflows associated with active galactic nuclei (AGN) have contributed substantially to our understanding of the immediate environments of supermassive black holes, by providing direct measurements of jet flow kinematics and magnetic field properties. Since its construction in 1994, the Very Long Baseline Array (VLBA) has been used to regularly im-age the brightest radio-loud AGN jets and study their evolution on parsec-scales (Kellermann et al. 2004 ). The VLBA 2cm Survey (Kellermann et al. 1998 ) sampled the jet kinematics of 110 AGN, and was succeeded in 2002 by the MO-JAVE program, which added full polarization imaging and defined a complete northern-sky radio flux density-limited sample (Lister & Homan 2005 , hereafter Paper I). Kinematic results for 127 MOJAVE jets based on data spanning 1994-2007 were presented by Lister et al. 2009b, (hereafter Paper VI) and Homan et al. 2009, (hereafter Paper VII) . They showed that bright jet features typically exhibit apparent superluminal speeds and accelerated motions. These findings are consistent with the widely accepted picture of high bulk Lorentz factor jets viewed at angles very close to the line of sight, i.e., blazars. Although blazars are quite rare in the general AGN parent population, their predominance in the flux density-limited MOJAVE sample is a direct result of Doppler orientation bias (Orr & Browne 1982) , since the observed flux densities of aligned, fast jets are highly Doppler boosted by relativistic aberration effects.
The MOJAVE program has confirmed an important trend, first reported by Vermeulen (1995) in the Caltech-Jodrell AGN survey, in which jets with the fastest superluminal speeds all tend to have high Doppler boosted radio luminosities. To first order, such a trend might be expected from Note. -Columns are as follows: (1) B1950 name, (2) other name, (3) 2FGL catalog name, (4) redshift, (5) literature reference for redshift and optical classification, (6) optical classification, where B = BL Lac, Q=Quasar, G = Radio galaxy, N = Narrow Line Seyfert 1, and U = Unidentified, (7) Sample membership, where G=1FM γ-ray selected sample, R = MOJAVE 1.5 Jy sample, L = low-luminosity sample. a Known TeV emitter (http://tevcat.uchicago.edu).
orientation and Doppler boosting effects, but an analysis by Cohen et al. (2007) and Monte Carlo simulations presented in Paper VI indicated that there is a correlation between intrinsic jet speed and intrinsic (de-beamed) luminosity present in the population. In the absence of such a correlation, we would expect to see highly superluminal jets at much lower boosted radio luminosities.
In order to further investigate these issues, we expanded the MOJAVE program in 2006 to include regular VLBA imaging of additional low-luminosity AGN jets. In 2009, we expanded the sample again to encompass new γ-ray loud blazar jets discovered by Fermi (Lister et al. 2011 ).
We present new VLBA 15 GHz images of the original 135 source MOJAVE flux-density limited sample obtained between 2007 September 6 and 2011 May 1. We also present VLBA images of 124 additional AGN from three new AGN jet samples, based on 15 GHz VLBA data obtained between 1994 Aug 31 and 2011 May 1 from the NRAO archive and the MOJAVE program (Lister et al. 2009a , hereafter Paper V). These include a complete radio-selected sample above 1.5 Jy, a complete γ-ray selected sample, and a representative lowluminosity AGN jet sample. We use these data to present an updated kinematics analysis of the 135 jets in the original MOJAVE flux-density limit sample, and first ever kinematics analyses of 65 jets for which we have obtained at least 5 VLBA epochs.
The overall layout of the paper is as follows. In Sections 2 and 3 we discuss the samples and observational data, respectively. In Section 4 we describe our method of modeling the individual jet features and their kinematic properties. We discuss overall trends in the data in Section 5, and summarize our findings in Section 6. We adopt a cosmology with Ω m = 0.27, Ω Λ = 0.73 and H o = 71 km s −1 Mpc −1 . We refer to the radio sources throughout using either B1950 nomenclature or commonly-used aliases, which we list in Table 1. 2. AGN SAMPLE DEFINITIONS 2.1. Radio-selected MOJAVE 1.5 Jy sample Unlike blazar surveys in the optical or soft X-ray regimes, the radio emission from the brightest radio-loud blazars is not substantially obscured by or blended with emission from the Note. -Some AGNs belong to two or more of the samples listed above (see Fig. 1 ).
host galaxy. A VLBA-selected sample thus provides a very "clean" blazar sample, namely, one selected on the basis of (beamed synchrotron) jet emission. In Paper V we described the original radio-selected MO-JAVE sample of 135 AGN, which was based on the 15 GHz VLBA flux density exceeding 1.5 Jy (2 Jy for declination < 0
• ) at any epoch during the period 1994. 0-2004.0 . The sky region was limited to declination ≥ −20
• and the Galactic plane region |b| < 10
• . In order to encompass a broader range of Fermi-detected AGN, particularly those which recently entered an active state, we updated our radio-selection criteria in 2011 to form the complete MOJAVE 1.5 Jy sample. The latter now consists of all known non-gravitationally lensed AGN with J2000 declination > −30
• (no Galactic plane restriction) and VLBA flux density S 15 GHz > 1.5 Jy at any epoch between 1994.0 and 2010.0. The new list results in a larger overlap with the Fermi AGN catalog (Ackermann et al. 2011) , and simplifies the determination of luminosity functions (e.g., Cara & Lister 2008) , which are useful for studies of the extragalactic background light and blazar parent populations.
The overall properties of the sample are summarized in Table 1, where the "R" notation in column (7) indicates 1.5 Jy radio sample membership. There are 183 AGN in total (see Table 2 ), with the sample being heavily dominated by flat spectrum radio quasars (78%) and BL Lac objects (16%). The optical classifications are 98% complete, with redshifts available for 96% of the sample.
γ-ray-selected 1FM sample
The continuous all-sky coverage of the LAT instrument on board the Fermi satellite has significantly improved our knowledge of the blazar population at γ-ray energies above 100 MeV by identifying nearly 1000 AGN associated with γ-ray sources (Ackermann et al. 2011) . For the joint LAT team-MOJAVE study of Lister et al. (2011) , we constructed a γ-ray sample based on the initial 11-month First Fermi AGN catalog (Abdo et al. 2010) . The specific criteria were: i) average integrated > 0.1 GeV energy flux ≥ 3 × 10 −11 erg cm −2 s −2 between 2008 August 4 and 2009 July 5, ii) J2000 declination > 30
• , iii) galactic latitude |b| > 10 • , and iv) source not associated with a gravitational lens. The sample is complete with respect to γ-ray flux, with the exception of two γ-ray sources (1FGL J1653.6−0158 and 1FGL J2339.7−0531) which were dropped since they had no unambiguous radio counterpart.
The overall properties of the sample are described by Lister et al. (2011) and summarized in Table 1 , where the "G" notation in column (7) indicates γ-ray sample membership. There are 116 AGN in total (Table 2) , 56 of which are in common with the MOJAVE 1.5 Jy sample. Like our radioselected sample, it is heavily dominated by blazars, but contains a larger fraction of BL Lac objects (36%). The remainder of the sample are quasars, with the exception of the nearby radio galaxy NGC 1275 (3C 84) and the narrow-line Seyfert 1 galaxy PMN J0948+0022.
Low-luminosity compact AGN sample
In 2006 we expanded the MOJAVE program to include regular VLBA observations of 16 AGN with VLBA 15 GHz luminosities below < 10 26 W Hz −1 . These were chosen from the VLBA Calibrator Survey (Beasley et al. 2002; Fomalont et al. 2003; Petrov et al. 2005 Petrov et al. , 2006 Kovalev et al. 2007; Petrov et al. 2008) , based on the following criteria: i) 8 GHz VLBA flux density greater than 0.35 Jy, ii) z ≤ 0.3, and iii) J2000 declination > −30
• . By adding the AGN already in the MOJAVE program which met these criteria, we obtained a final sample of 43 low-luminosity compact AGN, as indicated by the "L" notation in column (7) of Table 1 . Although the latter would not typically be considered as low-luminosity amongst the general radio-loud AGN population, we will refer to them as the "low-luminosity" sample, in comparison with the typically high luminosity blazars in our radio and γ-ray selected samples. Due to the lack of redshift information for the full VLBA Calibrator Survey, our low-luminosity sample is not complete. However, it is a useful representative set for examining the kinematics of weaker jets, and in this respect complements other small-sample low-luminosity AGN VLBI monitoring programs (e.g., Giovannini et al. 2001; Piner et al. 2010) .
These three samples, comprising 259 AGN in total, provide a broad cross-section of AGN types among bright, compact radio sources. The overlap among the samples is shown in Figure 1 . Since only 200 of these sources had at least 5 VLBA epochs as of May 2011, the kinematic data are incomplete. In particular, the AGNs with missing data tend to be among the weaker radio and γ-ray selected AGNs that were added later in the MOJAVE survey. A statistical inter-comparison of these samples will be presented in future papers in this series once a full, unbiased dataset has been collected. In Paper V, we presented 15 GHz VLBA images of the 135 AGN in the original MOJAVE flux density limited sample based on data from the MOJAVE programs spanning 1994 Aug 31 to 2007 Sept 9, the VLBA 2m Survey, and the NRAO archive 11 . In Figure 2 we show naturally-weighted 15 GHz VLBA images derived from newly acquired VLBA data on these AGN up to 2011 May 1, as well as VLBA data from 1994 Aug 31 to 2011 May 1 on 124 AGN in our new samples.
The multi-epoch observations for each AGN, along with the corresponding image parameters, are listed in Table 3 . Column 3 gives the VLBA project code for each observation, along with an indicator as to whether it is from the MOJAVE program, the VLBA 2 cm Survey, or the NRAO archive. For the latter, we considered only archival data with at least 4 scans spanning a range of hour angle, and which included 8 or more VLBA antennas. The VLBA 2 cm Survey observations (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) analyzed by Kellermann et al. (2004) consist of approximately one hour integrations on each AGN, broken up into approximately 6-8 minute scans separated in hour angle to improve the interferometric coverage. A similar observing method and integration times were used in the full polarization MOJAVE observations from 2002 May to 2007 September (VLBA codes BL111, BL123, BL137, and BL149; see Table 3 ), and are described in Paper I. During 2006 (VLBA code BL137), the 15 GHz integration times were shortened by a factor of ∼ 3 to accommodate interleaved scans at three other observing frequencies (8.1, 8.4, 12.1 GHz) . The latter data were recently presented by Hovatta et al. (2012) and Pushkarev et al. (2012 Table 3 and at the top of each panel. Because of self-calibration, in some cases the origin may be coincident with the brightest feature in the image, rather than the putative core feature listed in Table 4 . (This is a figure stub, an extended version is available online). 
Gaussian Model Fitting
As in Paper VI, we modelled the (u, v) visibility data at all AGN epochs using a series of Gaussian components in the Difmap software package (Shepherd 1997) . In the majority of cases, we used circular Gaussians for jet features, and occasionally (when necessary) elliptical Gaussians for the core feature. The latter was typically the brightest feature at the extreme end of a one-sided jet in most sources (see the Appendix and Paper VI for a discussion of core identifications and twosided jets in the sample). The parameters of the Gaussian fits are listed in Table 4 . In some instances, it was not possible to robustly cross-identify the same components in a jet from one epoch to the next. Those components with robust crossidentifications over at least 5 epochs for the purpose of kinematics analysis are indicated in column 10 of Table 4 . For the non-robust components, we note that the assignment of the same identification number across epochs in Table 4 does not necessarily indicate a reliable cross-identification.
We estimate errors on the component sizes to be roughly twice the positional error, according to Fomalont (1999) . The errors on the peak flux density values are approximately 5% (see Appendix A of Homan et al. 2002) . Based on our previous analysis from Paper VI, we estimate the typical uncertainties in the Gaussian centroid positions to be ∼ 1/5 of the FWHM beam dimensions. For isolated bright and compact components the positional errors are smaller by approximately a factor of two. A more quantitative estimate for individual components can be obtained using the scatter of our kinematic fit residuals (columns 14 and 15 of Table 5 ). These residuals represent only estimates of the uncertainty of the fits, and are likely underestimates in some cases due to possible errors in component cross-identification and/or a low number of epochs. Small variations in the apparent core position, due to changes in opacity and/or newly emerging features, can also contribute to the positional errors. Deviations from linear or simple accelerated motion can also increase the magnitude of the fit residuals (see Section 5.5).
In Paper VI there were eight jets which had no robust jet components. After our analysis using the new data, six remained in this category: 0235+164, 0727−115, 1124−186, 1324+224, 1739+522, and 1741−038. In the case of 0109+224 and 0742+103, we did not consider any components to be robust in Paper VI, due to gaps in temporal coverage. We have subsequently obtained several closely spaced VLBA epochs and now consider several slow-moving components in these two jets to be robust.
In Paper VI we listed 0048−097 and 1958−179 as having one robust component each. However, after re-examining the original modelfits along with the new data, we have determined that these two jets are too compact at 15 GHz to classify any of their components as robust. Of the new AGN not in Paper VI, there are six with no robust components: 0716+332, 0946+006, 1921−293, 1959+650, 2023+335, and 2247−283. 
Jet Kinematics Analysis
We performed two sets of kinematics analyses on the robust Gaussian jet components in our sample. The first assumed a simple non-accelerating, two-dimensional vector fit to the component position over time, referenced to the core component (which we presumed to be stationary). For the components which had measurements at 10 or more epochs, we also performed a constant acceleration fit (as described in Paper VI), which yielded kinematic quantities at a reference (middle) epoch. The results of this analysis are listed in Table 5 and Table 6 . Table 5 gives the mean flux density, core separation distance and position angle, as well as the best fit proper motion vector and reference epoch for each robust component. For components which show significant (≥ 3σ) accelerations, the values listed in Table 5 are from the acceleration fit. Figure 3 shows the radial separation of the components from the core component over time for each jet. The left hand panels of Figures 4 and 5 show the motions of individual components on the sky, as well as a 15 GHz VLBA contour image of the jet at the middle epoch listed in Table 5 . The orange box delimits the zoomed region displayed in the right hand panels. Extended versions of these figures, containing plots of all of the robust jet components, are available online.
We examined each component with significant proper motion (µ ≥ 3σ µ ) for non-radial motion by comparing the mean position angle of the component ϑ with its proper motion vector direction φ. We flagged any component for which the angular offset | ϑ − φ| was ≥ 3σ from either 0
• or 180
• as "non-radial", and "inward" if the offset was significantly greater than 90
• . We made these determinations using the | ϑ − φ| values from the acceleration fit for significantly accelerating components, or from the vector fits otherwise. Of the 739 (≥ 3σ) motion components classified as robust, 282 (38%) exhibit significant non-radial motion, while only 17 (2.3%) are flagged as inward (see Table 7 ). We discuss the rare inward motion cases in Section 5.1.
We calculated the ejection times (defined as when the calculated core separation equals zero) for the non-accelerating, non-inward components by taking the average value extrapolated from the proper motion fits in the right ascension and declination directions. We did not compute ejection times for components which had significant vector motion offsets (within 2σ of 15
• or larger), since this would involve an extrapolation of an unknown acceleration. The errors on the ejection times were calculated by the same method as Paper VI; we note that the numerical t e j error values tabulated in that paper were a factor of √ 2 too large due to a calculation error.
We list the parameters of the acceleration fits in Table 6 , where we have resolved the acceleration termsμ ⊥ andμ in directions perpendicular and parallel, respectively, to the mean angular velocity direction φ. For those components with a measured redshift, a significant proper motion (µ ≥ 3σ µ ), and a small uncertainty in the radial motion offset (| ϑ − φ| ≤ 5
• ), we calculate relative accelerations as in Paper VII, wherė η = (1 + z)μ/µ.
DISCUSSION

Apparent Inward Motions
There are many scenarios under which apparent inward motions can be produced, including: i) curved jet motions which cross the line of sight, ii) non-stationarity of the apparent core feature, due to one or more newly emerging features below the interferometric resolution level, iii) a misidentification of the true stationary core with a moving feature, iv) internal brightness changes in a large, diffuse jet feature, and v) apparent backward pattern speeds not associated with the flow. In Paper VI we identified fewer than ten individual cases of inward motion, which represented < 2% of the robust components. This strongly ruled out a fully random pattern speed scenario for the component motions, in which equal numbers of inward Note. -The kinematic fit values are derived from the acceleration fit for components with significant acceleration, and from the vector motion fit otherwise. Columns are as follows: (1) B1950 name, (2) component number, (3) number of fitted epochs, (4) mean flux density at 15 GHz in mJy, (5) mean distance from core component in mas, (6) mean projected distance from core component in pc, (7) A question mark indicates a non-radially-moving component for which an inward/outward determination is uncertain due to its slow angular speed. 
1 a 163.2 ± 2.2 106.2 ± 4.4 10.2 ± 1.8 8.8 ± 1.9 0.266±0.048 0.231±0.051 0055+300 4 304 ± 17 37 ± 11 6.8 ± 7.3 −1.8 ± 8.0 · · · · · · 6 a 270 ± 11 24.5 ± 3.0 7.6 ± 3.0 6.7 ± 2.0 · · · · · · 10 321.6 ± 5.5 46.9 ± 4.1
Note. -Columns are as follows: (1) B1950 name, (2) component number, (3) proper motion position angle in degrees, (4) angular proper motion in microarcseconds per year, (5) angular acceleration perpendicular to velocity direction in microarcseconds per year per year, (6) angular acceleration parallel to velocity direction in microarcseconds per year per year, (7) relative acceleration in direction perpendicular to fitted velocity vector, (8) relative acceleration in direction parallel to fitted velocity vector. a Component shows significant accelerated motion. and outward motions would be expected.
Among all 887 robust components which we have analyzed, we find 16 statistically significant inward component motions in 10 different jets (6 BL Lac objects, 2 quasars, and 2 radio galaxies). BL Lac jets are statistically overrepresented in this group, given that they make up only 20% of the 200 AGN jets we analyzed for kinematics. We do not find anything otherwise distinctive about these particular BL Lacs, and the small number statistics make it impossible to draw any firm conclusions as to the cause of this overrepresentation. We also note that 4 of the 10 inward component motion jets are BL Lacs with no measured redshift. The latter is not unexpected, however, since by definition BL Lacs have weak emission lines or featureless optical spectra that often make it difficult or impossible to measure their redshifts.
We previously identified three jets (1458+718, 2021+614, and 2230+114) as having apparent inward motions in Paper VI. With the addition of our new data, the jets of 2005+403, 2200+420 (BL Lac), 2201+171, and 2351+456 no longer display any statistically significant inward motions (see Appendix for details).
The inward motions are all typically slow, with a median value of 33 µas y −1 , and none are faster than ∼ 100 µas y −1 . Considering only the AGN with a known redshift, the inward components of 1458+718 are the only ones which appear significantly superluminal, ranging from 1.4 c to 4.6 c. With the exception of 1458+718, 2021+614, and 2230+114, the inward motions all occur within ∼ 1 mas of the core, in typically the innermost component. In particular, the innermost two jet components of two TeV-emitting BL Lacs in our sample: 0219+428 (3C 66A) and 1219+285 (W Comae) are both inward-moving. The small velocities and core separations of these moving components may indicate that the core is not a stable reference point in these two jets. We did not find any significant inward motions in the other 15 currently known TeV-emitting AGN jets 12 in Table 1 which we analyzed. Until now, there has been no systematic survey of jet position angle variations in a large blazar sample. Using our extensive MOJAVE database, we have analyzed the innermost jet regions of 60 AGN from our radio-selected sample for which we have obtained 20 or more VLBA epochs over a minimum twelve year period. We excluded several wellmonitored jets in our sample for reasons of core identification uncertainty, counterjet emission, or highly curved jet structure within one mas of the core. We determined the innermost jet position angle at each epoch by taking a flux density-weighted position angle average of all clean components above 3 times the image noise level in the annular region from 0.15 mas to 1 mas from the core. We also explored other methods, such as using the position angle of the innermost Gaussian modelfit component, or multiple components within a particular distance from the core, but the derived position angles were more influenced by choices made for the fitted Gaussians (e.g., elliptical versus circular, and total number of Gaussians in the inner jet region). Our position angle measurement method is subject to errors associated with wandering of the core component position due to changes in opacity or the emergence of new components below our resolution level. These are likely small, however, since they would create correlated apparent motions in components located downstream, which we have not detected in our data.
We find that the innermost jet position angles vary considerably over the 12 to 16 year intervals covered by our data, with ranges up to 150
• in some jets (Fig. 6) . The typical circular standard deviation in position angle is ∼ 10
• . The quasars and BL Lac objects differ significantly in their ranges, according to Kolmogorov-Smirnov tests on their range (p null = 1.1%) and standard deviation (p null = 1.3%) distributions. It is unclear whether the smaller overall variations we see in the BL Lac innermost jet position angles is an intrinsic effect, or because they are oriented at slightly larger angles to the line of sight than quasars.
Some jets (e.g., NRAO 150 = 0355+508) show a very wide range of inner jet position angle and Gaussian component position angles, likely because the viewing angle to the inner jet lies within the opening angle of the (presumably conical) outflow. In other cases, such as 3C 273 (1226+023), the jet is tranversely resolved into multiple features, some of which are moving along different position angles at nearly the same radial distance from the core. Finally, the distributions shown in Fig. 6 are not peaked in the first bin, implying that it is common in blazars for features to emerge at different position angles. Since stacked-epoch VLBA images (Paper V) often show a smooth conical jet intensity profile in highly variable ejection angle jets such as 1308+326, the simplest interpretation is that individual emerging features do not fill the entire cross-section of the flow. Instead, features are ejected within a finite width "ejection cone", which becomes apparent only in a stacked-epoch image. The apparent opening angle of this cone is exaggerated by projection effects by a factor of sin θ. Thus for typical blazar jet viewing angles of θ 5
• , the intrinsic ejection cone full opening angle is likely ∼ 0.5
• to ∼ 2 • , based on the position angle range distribution in Fig. 6 . AGN jets can therefore appear "bent" in a single-epoch, limited dynamic range VLBI image, whereas in reality what is visible is just the portion of the jet that is currently experiencing enhanced synchrotron emission, due to the passage of several very bright features. These features may represent flow instabilities driven at the nozzle (e.g., Hardee 2011), which vary within the jet over time and in turn influence the kinematics downstream.
In Figure 7 we plot the innermost jet position angle derived from the clean components for each jet versus time on the same vertical scale. The individual jets show a variety of behavioral patterns, which we have classified into four general categories. There are 14 jets which display a monotonic trend, 5 which show a back and forth trend, 12 which show more than one cycle of back and forth motion (oscillatory), and 29 with no discernible trend. Within these categories, 11 jets exhibited one or more abrupt jumps in position angle, caused by a new feature emerging from the core with a significantly different trajectory than previously ejected features.
We performed linear regression fits on the jets showing Table 8 . In some cases, we had to omit segments of the data from the fit due to abrupt jumps in position angle (see column 3 of Table 8 ). The most rapidly varying jet, at 9.8 ± 1
• y −1 , is 0355+508 (NRAO 150). Our measurement is consistent with the swings of up to 11
• y −1 seen previously in this jet by Agudo et al. 2007 in VLBA images at 43 and 86 GHz. The other monotonically changing jets in our sample show swings of typically a few degrees per year. In the particular case of 0851+202 (OJ 287), Agudo et al. (2012) found erratic variations in the innermost jet position angle at 43 GHz, with amplitudes < 40
• and timescales, 2 years, as well as an abrupt jump in position angle in late 2004. Our observations at 15 GHz, on the other hand, show a monotonic swing in position angle of −2.6 ± 0.1
• y −1 from 1995 until the end of 2010, when the jet underwent a sudden large jump in position angle. Earlier VLBI observations, as tabulated by Valtonen & Wiik (2012) , show that this monotonic swing began in the early 1990s. Superimposed on the longterm trend are small amplitude wiggles with timescales of several years (Fig. 7) . The 2004 jump seen at 43 GHz is not present in the 15 GHz data, and the 2010 jump seen at 15 GHz is not evident in the 43 GHz data. This likely reflects the different angular resolution of the two datasets. Agudo et al. (2012) used the position angle of Gaussian components out to ∼ 0.4 mas from the core, with no flux density weighting, whereas at 15 GHz we used a flux density-weighted average of clean components in the inner 0.15 to 1 mas region. It is also possible that OJ 287 emits very short-lived, bright features visible at 43 GHz which rapidly fade before they can be resolved in our 15 GHz images.
We looked for evidence of periodicity in all 60 jets using Lomb-Scargle periodograms, which are well-suited for unequally sampled time-series data (Lomb 1976; Scargle 1982) . With the exception of 0234+285 and 2145+067, the 12 jets shown in Figure 8 have significant (≥ 2σ) peaks at the periods indicated on each sub-panel, which range from 5 to 12 y. The dashed lines represent the best sinusoid fits to the data for the indicated Lomb-Scargle period. For these fits we allowed the amplitude, mean, and phase to vary in order to find the best absolute χ 2 value. Assuming a typical Gaussian normal error of 2
• for the position angle measurements (based on the linear regression fit residuals to the monotonic trend sources), the best reduced-χ 2 fit values are 1.5 for 0716+714, and 2.5 for 1823+568. We cannot reliably establish periodicity in any jet, however, due the lack of sufficient cycles in the data, and the fact that many of the fits have significant residuals (e.g., 1308+326, 1803+784, 2145+067), suggesting that the behavior is more complex than a single sinusoidal variation.
Dispersion of Apparent Speeds
A longstanding question in the study of AGN jet kinematics is whether the bright features in a given jet all tend to propagate at a characteristic speed which represents the true flow. In Paper VI we found that roughly 20% of the jets had one or more features which moved significantly slower than the other features in the jet. These slow pattern speed features could be the result of either stationary shocks in the flow, or jet bending across the line of sight. We have repeated this analysis for the current data set, using more stringent criteria.
We first tabulated a maximum speed for each jet by considering the component with the fastest ≥ 3σ speed. If no component in the jet had a ≥ 3σ speed, we lowered the criterion to > 2σ. In the case of 0355+508, 1329−049, and 1520+319, which had no ≥ 2σ components, we used the component speed with the smallest measured error. We dropped 16 jets from the analysis since they had no robust components with which to measure a maximum speed. We flagged components in Table 4 as "Slow Pattern Speed" (SPS) if they had i) no statistically significant acceleration, ii) a speed less than 20 µas y −1 , and iii) a speed at least 10 times slower than the fastest component in the jet. We found 38 such components in 29 different jets (14 quasars, 10 BL Lacs, and 4 radio galaxies).
A significantly higher fraction of BL Lacs and radio galaxies in our sample contain SPS components (∼ 25%) as compared to quasar jets (10%). We detect no significant differences in the redshift distributions of SPS and non-SPS jets, but their median VLBA 15 GHz luminosity distributions are different at the 98% confidence level according to a Kolmogorov-Smirnov test. Of the 37 jets with radio luminosity above 10 28 W/Hz, only one has a SPS component (the quasar 2134+004). This is consistent with numerical simulations (e.g., Duncan & Hughes 1994; Rosen et al. 1999 ) which show that more highly relativistic jets exhibit fewer compact internal structures and less overall instability. In order to examine the dispersion of speeds within individual jets in more detail, we calculated a normalized statistic D = (µ max − µ min )/(µ max + µ min ) for all 75 jets which had at least five robust components, as well as a median speed and rms dispersion value. Over half of these jets have D values above 0.8, indicating that in most cases, the overall range of apparent speed within a jet is comparable to its maximum speed. Removing the SPS components from the analysis did not change this general result.
Although we find there can be a large range of apparent speed within a jet, the speeds usually cluster around a median value, indicating they are not random. The median rms dispersion of speed within a jet is 2.8 c. This is significantly less than the overall dispersion of the median values (6.7c). Furthermore, the distributions of maximum and median speed in the sample are not uniformly distributed in either angular or spatial measure, but are instead peaked at low values (Fig. 9) .
In Figure 10 we plot a representation of the apparent speed distribution within each of the 13 jets in the sample which have at least 10 robust components. For each component, we plot (µ − µ median )/µ median , the fractional difference with respect to the median speed in the jet. The components in each jet are arranged vertically from slowest speed at the top to fastest speed at the bottom. We use this format instead of a binned representation in order to display the error bars. The binned distribution for the combined set of 13 jets is shown in Figure 11 .
There is a range of behavior seen among these jets, with some (e.g., 0238−084, 0430+052, 1641+399, and 2200+420) having a near-Gaussian speed distribution, and others such as 1633+382 and 1823+568 ejecting features uniformly distributed over a wide range of speeds. Nevertheless, the combined distribution in Fig. 11 shows a near-Gaussian shape, al- though with significant kurtosis (more sharply peaked than Gaussian, according to an Anscombe-Glynn test). The distribution has no significant skewness if the outlier at 2.8 is omitted (D'Agostino test). One might expect an asymmetric distribution (positively skewed) if some fraction of the features travel at the true flow speed and none of them exceed it, but we do not see evidence of this in the data. Since we can typically identify more robust components in the jets for which have the longest monitoring intervals, we might also expect to see a positive trend between the maximum speed of a jet and the number of robust components, but this is not evident in our data. Our findings thus suggest that in general, high ejection rate blazar jets tend to eject features with apparent speeds which cluster about a speed that is characteristic to each individual jet. A dispersion of apparent speeds within a jet might be expected in the context of our model presented in Section 5.2, in which features do not fill the entire jet cross section, and emerge along a radial streamline within a conical outflow. Evidence of thin ribbon-like instabilities has been seen in the transversely resolved jet 3C 273 (Lobanov & Zensus 2001) and the quasar S5 0836+710 ). The latter authors conclude that the ridgeline in VLBI images may correspond to a helically twisted pressure maximum within the jet, which slowly varies in position on decadal timescales. In the case of 3C 273, polarimetric VLBA rotation measure maps made at different epochs by Zavala & Taylor (2005) , Asada et al. (2008) , and Hovatta et al. (2012) indicate that different parts of the jet are being illuminated at different times. Similar behavior has also been reported in the broad line radio galaxy 3C 120 by Gómez et al. (2011) .
In our proposed scenario we would expect a range of apparent viewing angle roughly equal to the full opening angle of the ejection cone, and a corresponding range in apparent speed. In Figure 12 we plot the range of expected apparent speed for conical jets with a 2
• full opening angle versus on-axis viewing angle. The y-axis values are normalized with respect to the on-axis apparent jet speed, i.e., a value of one indicates an apparent speed range as large as the onaxis apparent speed. The curves represent different bulk flow Lorentz factors, and have minima at the critical angle (1/Γ) at which superluminal motion is maximum. Given the typically small fractional errors on our apparent speed measurements, the only cases where the predicted range approaches the FWHM of the data distribution (∼ 1, see Fig. 11 ) are for exceedingly aligned jets where the viewing angle is comparable to the jet opening angle. Since the full opening angles of powerful blazar jets are typically less than two degrees (Jorstad et al. 2005; Pushkarev et al. 2009) , and most blazar jets in a flux density-limited sample will be viewed at approximately 1/2 the critical superluminal motion angle (Vermeulen & Cohen 1994) , examples of jets viewed inside their opening angle should be rare. Such jets should be characterized by wide apparent opening angles and a large range in the sky position angles of ejected features (i.e., the outlier jets in Fig. 6 ). We find no indications, however, that either of these two quantities are correlated with the range of apparent speed for the individual jets in our sample. We therefore conclude that the spread in apparent speed we see in individual jets cannot be wholly attributed to a spread in streamline viewing angle. The moving features must also have an intrinsic range of bulk Lorentz factor and/or pattern speed.
Trends With Apparent Speed
Speed versus distance down the jet
In our analysis of MOJAVE and VLBA archive images from 1994-2007 (Papers VI and VII) we found that close to the base of the jet, features tended to show increasing rather than decreasing apparent speed. This suggests that AGN jet flows are still being organized on pc-scales, a favored possible site for high-energy photon production. In order to test for this trend in our current dataset, we have plotted the apparent speed of all robust components versus their mean projected distance from the core in Figure 13 . We have omitted components with non-radial or inward motions, and have included lines of constant age which assume steady radial motion over the indicated time period. Since the components in our sample have a wide range of ages, this would tend to suppress any artificial trend of higher mean distance for faster components. However, no components are found in the upper left corner of the plot, since these fast components will have higher mean core distance values and quickly evolve towards the right hand side of the diagram. Also, sufficient time must pass to gather sufficient epochs for an apparent speed measurement in our survey. Components are also absent from the lower right "graveyard" region since these evolved components have likely undergone considerable adiabatic expansion Figure 13 . Apparent speed versus mean projected distance from the core in parsecs for all robust jet components (excluding non-radial and inward components). The green crosses denote components in radio galaxies, the black circles quasars, and the blue squares BL Lacs. The jet components of two broad-lined radio galaxies (3C 111 and 3C 120), as well as the gigahertz-peaked spectrum radio galaxy NGC 1052 are highlighted with distinct symbols. Error bars have been omitted for the purposes of clarity. For components in jets which do not have a spectroscopic redshift, we include range bars which correspond to their known redshift constraints (see Appendix). The dotted lines indicate lines of constant age for components that have moved steadily outward over the time period indicated. Newly emergent fast components rapidly evolve out of the top left region of the plot, while no components are found in the bottom right graveyard region since they will likely have faded well below the MOJAVE imaging sensitivity level. and synchrotron energy losses, thereby dropping their flux densities below the threshold for which we can robustly measure their centroids and speeds. There is also a notable deficit of components above ∼ 0.4 c within ∼ 1 pc of the core, which would be even more pronounced without the inclusion of the numerous components associated with the two-sided jets of the gigahertz-peaked spectrum galaxy NGC 1052. The two broad line radio galaxies 3C 111 and 3C 120 also occupy a distinct region among the radio galaxy data plotted in Figure 13 .
The overall distribution of the components in the plot indicates a positive correlation of speed with core distance for radio galaxies and BL Lac objects, even after partialling out redshift. This trend needs to be confirmed, however, using a larger, complete AGN sample which extends below 0.35 Jy. It is not possible to assess the existence of a trend for the quasars due to the observational selection effects described above. Because of the low space density of bright quasars at low redshift and the fixed angular resolution limit of our survey, there is likely an artificial deficit of quasar jet components in the region below 1 c and within ∼ 1 pc of the core, precisely where data are needed to test for a possible trend.
As we reported previously in Paper VI, the BL Lac jets have, on average, slower component speeds than the quasars. There are, however, many BL Lac jet components that overlap with the region populated by quasar jet components in Figure 13 . Giommi et al. (2012) discuss the possibility of quasars masquerading as low-equivalent line width BL Lacs due to the swamping of their emission lines by highly Doppler boosted optical synchrotron emission. We note one of the jet components with the fastest angular speed in our sample, ID = 16 in the BL Lac object 0716+714, is a distinct outlier in Figure 13 , with recent constraints on its redshift by Danforth et al. (2013) implying an apparent speed of up to 43.6 ± 1.3 c. This AGN is highly variable at all wavelengths (e.g., Wagner et al. 1996; Larionov et al. 2013 , and has a Doppler factor of at least 20 (Rani et al. 2013 ), making it a strong candidate for a masquerading BL Lac object.
Speed versus luminosity
A plot of apparent speed versus luminosity for the robust jet components (Fig. 14) reveals a distinct deficit of fast components at low luminosities. The apparent upper envelope to this distribution has been discussed in several studies (Vermeulen 1995 . This curve is representative only, since jets in the population have a range of Lorentz factors and intrinsic luminosities, and thus a family of such curves exist, as described by Cohen et al. (2007) . The upper left and lower right regions of the plot (delimited by the dot-dashed lines) are not sampled by our survey. The deficit region located below the red curve and below 10 23 W Hz −1 is partly due to the incompleteness and relatively high flux density cutoff of our low-luminosity sample. The overall fall-off in the upper edge of the distribution from 10 26 W Hz −1 to 10 23 W Hz −1 is not the result of survey bias or selection effects, however, and reflects both the existence of a maximum jet Lorentz factor in the parent population (∼ 40), and an intrinsic correlation between flow speed and luminosity in AGN jets. The relatively sharp edge to the upper envelope in Figure 14 , as well as the relatively unchanging distribution of apparent speed in luminosity bins above 10 26 W Hz −1 imply that intrinsically powerful AGN jets have a wide range of Lorentz factors up to ∼ 40, while intrinsically weak jets are only mildly relativistic.
Accelerating Components
Theoretical models of the acceleration and collimation of blazar jets indicate that the strong magnetic fields associated with the putative supermassive black hole/accretion disk system play a key role in the initial acceleration and collimation of the jet (e.g., Meier et al. 2001) . While some models indicate that this process is largely complete with the conversion of Poynting flux to flow energy on sub-pc scales (e.g., Sikora et al. 2005) , there may still be significant magnetic (Vlahakis & Königl 2004) or hydrodynamic acceleration which extends to parsec or decaparsec scales.
In our previous analysis of MOJAVE data from 1994-2007 (Paper VII), we found that accelerated motions with respect to the mean apparent velocity vector β obs were common, with significant parallel accelerations seen in roughly one third of our sample, and significant perpendicular accelerations in about one fifth of our sample. Due to the limited number of available epochs, we were only able to analyze 311 of the 526 moving components for possible accelerated motion. Using our new data spanning up to 2011 May 1, we have performed the same analysis on 547 of the 887 moving compo- Table 5 which have least 10 epochs. We summarize our overall acceleration results in Table 6 . Our incidence rates of parallel accelerations (28%) and perpendicular accelerations (18%) are consistent with those reported in Paper VII. Nearly 40% of the components analyzed show significant acceleration of either type. A substantial number of components showed no significant acceleration, but had non-radial motion vectors. If we assume that these components accelerated some time prior to our monitoring interval, the fraction of moving components showing accelerations rises to 70%. This is in stark contrast to the kinematics of features in stellar (HerbigHaro) jets, which are well described by ballistic models (e.g., Ellerbroek et al. 2013) .
We note that our acceleration fits assume a simple twodimensional parameterization in which the acceleration components in the R.A. and declination directions are constant over time. Impulsive or multiple changes in a component's velocity are therefore not well-accommodated in our model. In Figure 15 we show some examples of component motions which are poorly represented by a simple constant acceleration fit. We discuss this issue, as well as the detailed acceleration properties of the full sample in a future paper in this series.
SUMMARY
We present 1753 new multi-epoch VLBA images of 259 jets which are drawn from a complete radio-selected AGN sample above 1.5 Jy, a complete γ-ray selected sample (Lister et al. 2011) , and a representative low-luminosity radio jet sample. The latter is drawn from the VLBA Calibrator Survey and consists of 43 AGN with 8 GHz VLBA flux density greater than 0.35 Jy, z ≤ 0.3, and J2000 declination > −30
• . We have combined these new VLBA data with existing MOJAVE observations previously presented in Paper V, and have analyzed the kinematics of 200 parsec-scale AGN jets. The data span 1994 Aug 31 to 2011 May 1, and were modelled with Gaussian components in the visibility plane. We obtained vector motion fits to 887 robust components which were positively cross-identified over at least 5 VLBA epochs. We also measured the acceleration properties of 557 components which had at least 10 VLBA epochs. Our main findings are as follows:
1. Nearly all of the 60 most heavily observed jets show significant changes in their innermost position angle (20
• to 150
• ) over a 12 to 16 year monitoring interval, with BL Lac jets showing smaller variations than quasars. The observed range corresponds to intrinsic (de-projected) variations of ∼ 0.5
• to ∼ 2 • . Roughly half of the heavily observed jets display a trend of innermost jet position angle with time. In the case of 12 jets, there is some evidence of oscillatory behavior, but the fitted periods (5 to 12 y) are too long compared to the length of the dataset to firmly establish periodicity. These periods are very short compared to expected precession timescales from warped accretion disk -black hole interactions associated with the Bardeen-Petterson effect (Natarajan & Pringle 1998) . Rather, we favor a conical jet model in which emerging features do not fill the entire cross-section of the flow. What is typically visible in a single-epoch, limited dynamic range VLBA image as a series of bright features may actually be the lit up portions of thin ribbon-like structures embedded within a broader conical outflow. These portions have been energized by a passing planar disturbance which originated in the VLBI core. As discussed by Perucho et al. (2012) , the ribbon structures may arise from helical pressure maxima within the jet, and slowly vary in position on decadal timescales.
2. We examined the distribution of speeds within 75 jets which had at least 5 robust components. Within a particular jet, the speeds of the features usually cluster around a characteristic value, however, the the range of apparent speed among the components is comparable to the maximum speed measured within the jet. This is not due uniquely to unusually slow pattern speed components (defined as having a speed less than 20 mas y −1 and at least 10 times slower than the fastest component in the jet), which comprise only 4% of all the components studied and are less prevalent in quasar jets. It is also too large to be solely due to differences in ejection angle. We conclude that the dispersion is at least partially due to an intrinsic distribution of bulk Lorentz factor and/or pattern speed.
3. Apparent inward motions are rare, with only 2% of the components having apparent velocity vectors greater than 90
• from the outward jet direction. They occur more frequently in BL Lac jets. All of the detected inward motions are slow ( 0.1 mas y −1 ), and nearly all occur within 1 mas of the core component.
4. We confirm a previously established upper envelope to the distribution of speed versus beamed luminosity for moving jet components. Below 10 26 W Hz −1 there is a fall-off in maximum speed with decreasing 15 GHz radio luminosity. The relatively sharp edge to the upper envelope, as well as the relatively unchanging distribution of apparent speed in luminosity bins above 10 26 W Hz −1 imply that intrinsically powerful AGN jets have a wide range of Lorentz factors up to ∼ 40, while intrinsically weak jets are only mildly relativistic.
5. We find a trend of increasing apparent speed with distance down the jet for radio galaxies and BL Lac objects. The existence of a trend could not be evaluated for quasars due to unavoidable observational selection biases, as described in Section 5.4.1.
6. Accelerations are very common among the moving jet components. Of the 739 components with statistically significant (≥ 3σ) speeds, 38% exhibited significant non-radial motion, implying non-ballistic trajectories. We analyzed 547 components with at least 10 epochs, and found 28% to have significant accelerations parallel to the velocity vector, and 18% to have significant perpendicular accelerations. Nearly 40% showed significant acceleration of either type, and an additional 30% had non-radial motion vectors.
The MOJAVE program continues to gather VLBA data on the AGN jets in the samples presented here. Future papers in this series will discuss their polarization evolution, detailed acceleration characteristics, and connections between jet kinematics and other blazar properties such as γ-ray emission, flux variability, and SED synchrotron peak frequency.
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